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Abstract 

Recent measurements of time dependent CP asymmetries at the B factories have 
led to substantial progress in our understanding of CP violation. In this article, 
I review some of these experimental results and discuss their implications in the 
Standard Model and their sensitivity to New Physics. 
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1 Introduction 



CP violation is one of the most intriguing and least understood topics in particle 
physics. According to Sakharov 1 , CP violation is a necessary condition to 
explain how equal amounts of matter and anti-matter created in the Big Bang 
may have evolved into a matter-dominated universe. Thus CP violation is a 
requisite to our own existence. 

CP violation was discovered!^ in 1964 in the decays of K^^ mesons into two 
pion final states. A simple and elegant explanation of this effect in the context of 
the Standard Model was proposed by Kobayashi and Maskawa[2| in 1972. In the 
Kobayashi-Maskawa mechanism, CP violation originates from a single complex 
phase in the mixing matrix between the three quark families. This mechanism, 
however, does not allow for enough CP violation to explain the matter-dominated 
universejl]. Understanding the mechanism that governs this phenomenon, and 
eventually uncovering its origin, remains one of the central questions in modern 
physics. 

Many precise measurements of CP violation have been made in the study 
of decays of neutral kaons^. However, due to hadronic uncertainties, these 
measurements do not pose significant constraints on the parameters of the theory. 
In contrast, large CP violation effects essentially free of hadronic uncertainties 
are expected in final states of B meson decays. 

Two asymmetric B factories, PEP-II at SLAC and KEKB at KEK, were 
designed for studying CP violation in the B system as their main goal. Since the 
beginning of data taking in 1999, the B factories recorded unprecedented samples 
of B mesons and started a new era in the study of CP violation and B physics. 

In this article, I review some of the results on CP violation obtained so far 
at the B factories and discuss how these measurements constrain the Standard 
Model, and how they can be used to probe New Physics. 

2 CP violation in the Standard Model 

In the Standard Model, CP violation originates from a complex phase in the 
quark-mixing matrix, the Cabibbo-Kobayashi-Maskawa (CKM) matrix. Follow- 
ing Wolfenstein's notation 6], the CKM matrix can be expressed in terms of four 
real parameters A, A, p and rj as 

fVud Vus / 1-A2/2 A AX^p-ir,)\ 

V=\Vcd Vcs Vcb\ = \ -A 1-AV2 AX^ +0(A^)- 

\Vtd Vts VtJ \A\^l-p-i7j) -AA2 1 / 

The coefficient A is the sine of the Cabibbo angle, which is well measured from 
studies of K'^ tt^I^u decays. The coefficient A is related to the CKM matrix 
element V^b and can be determined from the study of semileptonic B decays such 
as P — > D*lv. The parameters p and r] are related to CP violation in the B 
system. 

The CKM matrix is unitary, i.e. V'^V = 1. This implies six equations that 
relate the elements of the matrix. One of these equations, VudYub + ^cd^cb + 



^td^tb ~ particularly useful for studies of CP violation in the B system. 
Dividing all the elements of the sum by V^^V^f,, we obtain the "Unitarity Triangle" 
(UT) shown in figure ^ in the {p,ri) plane. 
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Figure 1: The Unitarity Triangle. 

Because the lengths of the sides of the triangle are of the same order, the angles 
can be large (0(1)), leading to potentially large CP- violating asymmetries from 
phases between CKM matrix elements. This means that for this triangle one 
can experimentally measure both sides and angles. These measurements over- 
constrain the triangle, thus allowing for consistency checks of the CP sector of 
the Standard Model. 

The side Vud^ub/^cd^cb constrained by measurements of iKift/Kbl from stud- 
ies of 6 — > ulv and b civ transitions. The side ytdYtb/^cd^cb constrained by 
measurements of and B^ mixing frequencies. Another constraint on the apex 
of the Unitarity Triangle comes from the measurement of the CP violation pa- 
rameter I eft- 1 in the kaon system. The measurements of the angles come from CP 
violation studies in B decays. 

A comparison between the measurement of the angles and the position of the 
apex of the UT in the {p,rj) plane allows a quantitative test of the CP sector of 
the Standard Model. Studies of CP violation in the B system can also be used as 
a probe for New Physics that could enhance the role of box or penguin diagrams 
relative to the tree diagrams, due to the contribution of new (virtual) particles 
participating in the loops. 

3 CP violation in decays 

We define S° (= bd) and B^ (= bd) the neutral B meson flavor eigenstates, and 
Bh and Bl the eigenstates of the Hamiltonian, with definite mass and lifetime. 
The mass eigenstates can be expressed in terms of the flavor eigenstates: 

\Bl) = p\B'^) + q\W) and \B h) = pW"") - q\B'') , 

where p and q are complex coefficients that satisfy the condition |gp + \p\^ = 1. 



The time evolution of a pure or state at time t = 0, is given by: 

\B'{t)) = e— -*e-^V2 Los^\B') - ^^sin^\B')] , 

I 2 p 2 } 

\B'{t)) = |cos^|S°) - .^sin^|i?0)| , 

[2 q 2 j 



(1) 



where = (mu + mi)/2 and T = ~ T^. 

Let's consider decays of B^ and B^ mesons into a final state that is a CP 
eigenstate, fcp, and define the two decay amplitudes as 

Af = {fcp\H\B'^) and Af = {fcp\H\B^). 

The probability for a P^ or a to decay in the final state fcp at the time 
t will be proportional to the square of the time dependent amplitudes Af{t) = 
{fcp\H\B\t)) and = {fcp\H\^{t)): 

,0(,\ . .-rt /i 2ImA/ ... 1 - lAfP 



A^(B"(t) ^ fcp) (xe-'Hl- sin(Amt) + ^ cos(Amt) 

1 + 1 A/ 1^ l + |A-i^ 

N{W{t) fcp) oc e"^* <! 1 + ^^^'^-^ sin(Amt) - ^ ~ |^-^| cos(Amt) 



1 + |A/|^ 1 + IA/l 



(2) 



where 



A,.,,^|. (3) 

with rjf being the CP eigenvalue of the final state /cp, and Am the mass 
difference between the mass eigenstates Bh and Bi. 
We define the time dependent CP asymmetry as: 

^ ^ Nmt) ^ fcp) - NjB^it) ^ fcp) 
^""^ ^ N{B^{t) ^ fcp) + N{B^{t) ^ fcp) ■ ^ ^ 

Substituting ^ into the definition (^J, it follows that 

Acp{t) = Sf sin(Amt) - C/ cos(Amt), (5) 

where 

12 ^''^ ^/ 1 _L I \ J2- 



C/ = f^ a"d 5, = -i^, (6) 



For decays, \q/p\ ~ 1. If only one diagram contributes to the final state, as 
in the case of B^^J/ipKs, \Af/Af\ = 1, thus \Xf\ = 1. This simplifies equation 
((21) leaving the time dependent CP asymmetry with only a sine component having 
amplitude Im(Aj): 

Acpit) = Im(A/) sin(Amt). (7) 

For these final states, Im(A/) is directly and simply related to the angles of the 
UT triangle. 

If more than one diagram contributes to the final state fcp, then Acp{t) 
maintains both the sine and cosine components. The coefficient 5/ is still related 
to the the angles of the UT, while Cf measures direct CP violation. 



4 The experimental apparatus 



The two asymmetric B factories, PEP-IIfTl at SLAC and KEKBjHI at KEK, have 
similar designs. They are both e~^e~ colliders operating at a center of mass energy 
of ^/s = 10.58 GeV, the mass of the T(45) resonance. This resonance decays 
exclusively to 5°^° and B^B' pairs, providing ideal conditions for the study of 
B meson decays. 

PEP-II collides 9.0 GeV electron and 3.1 GeV positron beams head-on, pro- 
ducing T(4S') with a Lorentz boost of /?7 = 0.56 along the electron beam axis. 
KEKB, on the other hand, collides 8.0 GeV electron and 3.5 GeV positron beams 
at a small (±11 mrad) crossing angle, producing T(4S') with (3'y = 0.425. These 
boosts are essential to CP violation studies because they allow the experiments 
to separate the decay vertices of the two B mesons, and thus to measure the time 
dependence of their decay rates. 

Each machine hosts a large solid angle general purpose detector: BaBar j9j at 
PEP-II and BellellOj at KEKB. Both detectors are equipped with silicon vertex 
detectors, cylindrical drift chambers, Cherenkov detectors for particle identifi- 
cation, crystal calorimeters and muon detection systems. The magnetic field is 
provided by 1.5 T superconducting solenoidal coils. 

Both facilities have been running very successfully since 1999, reaching or sur- 
passing their design luminosities: PEP-II doubled the design goal and achieved 
6x 10^^ cm~^s~^, while KEKB has reached the design luminosity of Ix lO'^'* cm~^s~ 
The integrated luminosities delivered to date by the two machines are 136 fb~^ 
for PEP-II and 155 fb^^ for KEKB. Of these, about 82 fb"^ and 78 fb-^ have 
been analyzed by the BaBar and Belle Collaborations, respectively, to produce 
the results discussed in this article. 

5 The measurement of Acp{t) at the B factories 

At the B factories, CP violation is studied through the measurement of the time 
dependent CP asymmetry, Acp{t), defined in Q). The measurement utilizes 
those decays of the T(4S') into two neutral B mesons, of which one [Bcp) can 
be completely reconstructed into a CP eigenstate, while the decay products of 
the other (i?tag) are measured in an attempt to infer its flavor at decay time. 

Due to the intrinsic spin of the T(45), the B^B^ pair is produced in a coherent 
L = 1 state. After production, each meson will evolve in time as given in equation 
Because the net quantum numbers of the system are conserved, the two 
mesons evolve in phase until one of them decays. When the first B meson decays 
into a fiavor eigenstate, the other B is dictated to be of opposite flavor at that 
same instant. For this reason the time that appears in @ can be considered as 
the difference in time between the two decays (At). 

A schematic view of a typical event used for CP analysis is given in flgure|21 
The logical steps of the analysis are discussed in the following subsections. More 
detailed information about the analysis techniques can be found in references 
and il2j. 




Figure 2: Schematic view in the y-z plane of a T(4S') — > B^B^ decay. Note that 
the scale in the y direction is substantially magnified compared to that in the z 
direction. 

5.1 Reconstruction of CP eigenstates 

Abundant and pure exclusive reconstruction of CP final states is the first step 
to a successful measurement. Since the branching fractions of experimentally 
accessible states are small (between 10~^ and 10~^) it is crucial to use as many 
CP modes as possible to enhance the statistical significance of the measurement. 
In order to preserve the interpretation of the measurements, only decays charac- 
terized by the same Feynman diagrams are combined. 

5.2 Flavor tagging 

The flavor of the Stag can be inferred by the charge of various particles produced 
in its decay. The purest information comes from high momentum leptons pro- 
duced in semileptonic B decays. Although less pure than the leptons, charged 
kaons are also an excellent source of tagging information because they are very 
commonly produced in B decays. Further tagging discrimination can be obtained 
from slow pions produced in the decay of a D^*, from very energetic pions pro- 
duced from low multiplicity hadronization of the W boson in the decay b cW, 
or from A hyperons. 

The tagging algorithm combines the above information into a discriminating 
variable that takes into account correlations between different soTirccs of tagging 
information. This is achieved in BaBar by the use of an artificial neural network 
and in Belle by the use of a likelihood function implemented in a look-up table. 
The BaBar (Belle) tagging algorithm assigns each event to one of four (six) 
hierarchical and mutually exclusive tagging categories based on the purity of 
the tag. 

The performance of the tagging algorithms is measured by two quantities: 

• tagging efficiency (etag) defined as the probability of assigning a B^ or B^ 
tag. 



mistag fraction (w) defined as the fraction of wrong tags present in the 
tagged sample. 



Tagging purities and efficiencies are used to calculate the so called "effective 
tagging efficiency" (eeg), defined as 

eefT = etag(l - 2w)^. 

The sensitivity to Acp{t) depends on to first approximation, so good per- 

formance of the tagging algorithm is crucial to the accuracy of the measurement. 
More importantly, the observed CP asymmetry is related to that defined in 
by the expression A^p{t) = (1 — 2w)Acp{t). Thus, an inaccurate determination 
of the wrong tag fraction w would bias the measured amplitude of the CP asym- 
metry. For this reason, the tagging parameters are measured directly from data 
in the context of the time dependent mixing analysis. In this analysis, one 
of the two mesons produced in the T(4S') decay is reconstructed into a flavor 
eigenstate (-Bfiav) while the other is tagged using the algorithm described above. 
The flavor eigenstates considered for this analysis include hadronic decays such 
as 5° J/i;K*^{K*+ K+tt') and S° ^ D-^*^h+ with h+ = tt+ , p+ or 
and semileptonic decays such as B^ — > D*^l^v. 

The mistag fraction [w) can be extracted from the fit of the time dependent 
mixing asymmetry, ^mix(i)5 defined as: 

^mi.(t) = ^— d(t)-iV^.cd(t) ^ _ 
unmixed v*- J ~r 'mixed V''J 

where A'^mixed is the number of events with two B^ or two B^ tags, while A^unmixed 
is the number of events with one B^ and one B^ tags. The result of the fit to 
^mix(i) is shown in figure |31 the distribution on the left refers to the BaBar 
measurement of Am using fully reconstructed hadronic final states jT3], while the 
distribution on the right refers to the Belle measurement of Am using semilep- 
tonic decays 111]. The amplitude of the mixing asymmetry measures directly the 
"tagging dilution" (1 — 2w). 

The overall effective tagging efficiency is measured to be eefr = (28.1 ± 0.7)% 
in BaBar and eeg = (28.8 ± 0.6)% in Belle. 



5.3 At determination 

The difference in decay times of the two B mesons (At) can be inferred from the 
measured distance between the two decay vertices (Az). Since both B mesons are 
produced with a known boost parallel to the collision {z) axis, the time between 
the decays is given by At = Az / (Pjc) . The average separation between the two 
B decay vertices is about 250 fim in BaBar and 200 /xm in Belle. 

The position of the decay vertex of the B^ decaying into a CP eigenstate 
(Bcp) is easily reconstructed by fitting the charged tracks that appear in the 
decay to a common vertex. The resolution obtained for this vertex is about 60 
fim. 

The reconstruction of the decay vertex of the other B meson (-Stag) is more dif- 
ficult because it is not possible to completely separate tracks originating promptly 
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Figure 3: Time-dependent mixing asymmetry for decays of neutral B into flavor 
eigenstates with, superimposed, the projection of the unbinned maximum like- 
lihood fit. The distribution on the left refers to the BaBar measurement using 
fully reconstructed hadronic final states, while the distribution on the right refers 
to the Belle measurement using semileptonic decays. 



from the B decay from those originating from decays of D mesons produced in 
B DX. Because of the relatively long lifetime of the D mesons, the latter 
tracks produce a bias when used in the reconstruction of the i?tag decay vertex. 
The position of this vertex is obtained by a vertexing algorithm that uses all the 
charged tracks that do not belong to the CP side along with constraints from 
the beam spot location. Tracks identified as decay products of K^, A or photon 
conversions, as well as poorly reconstructed tracks, are excluded from the vertex. 
To minimize the bias due to D meson decay products, the algorithm also removes 
those tracks that give large contribution to the overall of the fit. 

Since the resolution on At is totally dominated by the tagging side, it is 
independent from the decay mode of the Bqp- This allows us to determine the 
parameters of the resolution function from an independent sample of B mesons 
exclusively reconstructed into flavor eigenstates. The time resolution is measured 
to be about 1.1 ps for BaBar and 1.4 ps for Belle. 

5.4 CP asymmetry fit 

The CP asymmetry amplitudes are determined from an unbinned maximum 
likelihood fit to the At distributions for events tagged as B^ and B^ . The BaBar 
analysis |llj uses a combined fit to determine simultaneously the CP, tagging and 
vertexing parameters from the Bcp and -Bfiav samples. This approach takes better 
account of the correlations between the various parameters. Belle|12j. instead, 
prefers to disentangle the fit of the CP asymmetries from the determination of 
the vertexing and tagging parameters, thereby simplifying the final fit and the 
study of systematics. 



6 The "golden" measurement of the angle (3 



The decays charmonium + are known as the "golden modes" for the 

measurement of the angle /5 of the UT. These decays are dominated by a tree level 
diagram b ccs with internal W boson emission. The leading penguin diagram 
contribution to the final state has the same weak phase as the tree diagram, and 
the largest term with different weak phase is a penguin diagram contribution 
suppressed by O(A^). This makes |A/| = 1 a very good approximation, and thus 
Acp{t) = Im(A/)sin(AmAt). 

For the "golden modes" , A/ is given by: 



were the first term comes from B^-B^ mixing, the second from the ratio of the 
amplitudes Aj/Aj and the third from mixing. The parameter r// is the CP 
eigenvalue of the final state, negative for charmonium + Ks and positive for 
charmonium + K^. 

From ((HI) and it follows that 

Acp{t) = -rjf sin 2/3 sin(AmAt) (9) 

which shows how the angle /3 is directly and simply measured by the amplitude 
of the time dependent CP asymmetry. 

Besides the theoretical simplicity, these modes also offer experimental ad- 
vantages because of their relatively large branching fractions (~ 10~^) and the 
presence of the narrow J/-^ resonance in the final state, which provides a powerful 
rejection of combinatorial background. 

The CP eigenstates considered for this analysis are J/ipKs, tp{2S)Ks, XciKs, 
rjcKs, J/i^Ki and J/i;K*^{K*^ Kstt^^. The J/^ and ^(25) are recon- 
structed from the final states e"^e~ and the ip{2S) is reconstructed also 
from the final state J / ipir'^ 'k~ ; the Xci is reconstructed from the radiative decay 
J/ij^^ and the rjc from the hadronic decays KsK^tt~ , K^ir^ and pp. 

FipipagslfiteB 3toe2i?imi(fei^rmaSiddlstrftettairtlfer48°d4stid^ 
fiMiiktefe teg404*&^eSUadni^istrrbatWitoi^Py--bef/^^ tfeaiittat^. distri- 
butions, clearly visible in figures El (BaBar) and IHl (Belle) , is a manifestation of 
CP violation in the B system. The same figures also display the corresponding 
raw CP asymmetry with the projection of the unbinned maximum likelihood fit 
superimposed. 

The results of the fits are sin 2/3 = 0.741 ± 0.067 ± 0.034 for BaBar[ISl and 
sin 2/? = 0.719 lb 0.074 lb 0.035 for Belle 16 . The main sources of systematic errors 
are uncertainties in the background level and characteristics, in the parameteri- 
zation of the At resolution, and in the measurement of the mistag fractions. Most 
of these uncertainties will decrease with additional statistics, and the systematic 
error is not expected to dominate this measurement at the existing B factories 
in the foreseeable future. 



^The final state J/ipK*^ does not have a definite CP, but its CP even and odd components 
can be disentangled using an angular analysis. 
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Figure 4: Left: invariant mass distribution for the CP-odd (charmonium + Ks) 
sample as reconstructed by BaBar. The blue curve represent the background 
contamination. Right: distribution of the momentum of the B in the T(4S') 
reference frame for J/^lJ + Kl candidates as reconstructed by Belle. The different 
background contributions are indicated by the various shades. 

The world average value for sin 2/3, heavily dominated by the B factory re- 
sults described above, is sin 2/3 = 0.734ib 0.055. This value can be compared with 
the indirect constraints on the apex of the UT originating from measurements of 
^K, \Vub\, \Vcb\, B^ and Bs mixing as described in reference The compari- 
son, illustrated in figure[71 shows excellent agreement between the measurements, 
indicating that the observed CP asymmetry is consistent with the CKM mecha- 
nism being the dominant source CP violation in flavor changing processes at 
low energies. 

7 CP violation as a probe for New Physics 

CP violation is an excellent probe for seeking New Physics. The simplicity of the 
CKM mechanism, with a single source of CP violation, allows for testable pre- 
dictions. The cleanliness of the predictions is what makes these studies sensitive 
to effects of physics beyond the Standard Model that may introduce additional 
sources of CP violation, in discrepancy with the predictions of the CKM mech- 
anism. 

Despite the excellent agreement between the measurement of sin 2/3 in decays 
of B^ — > charmonium + and the constraints on the apex of the UT, New 
Physics is not ruled out vetjl8j. In fact, it may manifest itself in CP violation in 
other final states such as (l)Ks, rj'Ks, K+R-Rs, D*+ D*- and D*^D^. 

The decays B^ (t>Rs and B^ — > r]'Rs are particularly suited for these 
studies. In the SM, these decays are dominated by penguin diagrams; a tree level 
diagram could contribute to B^ — > rj' Rs but its contribution is small because 
this decay is both Cabibbo and color suppressed. If, as expected jT^], \Xf\ ~ 
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Figure 5: Measurement of sin 2/3 in the "golden modes" by the BaBar Collabo- 
ration. Figure a) shows the At distributions for events tagged as (full dots) 
or (open squared) in CP odd (charmonium Ks) final states. Figure b) shows 
the corresponding raw CP asymmetry with, superimposed, the projection of the 
unbinned maximum likelihood fit. Figure c) and d) contain the corresponding 
information for CP even (J/tpKi) final states. 

1, then the amplitude of the time dependent CP asymmetry in these decays 
would measure the parameter sin 2/3 in a theoretically clean way. New Physics 
could alter these expectations via, for example, gluonic penguin diagrams with 
intermediate squarks and gluinos^H]- 

BaBar PU] and Belle[2J have measured CP violation in B^ — > (pKs and 
B^ Tj'Ks decays, and their results are summarized in figure |B1 Although 
these measurements still suffer from large statistical uncertainties, it is tempt- 
ing to compare the parameter sin 2/3 measured in the penguin-dominated modes 
with the same parameter measured in the "golden modes". The comparison 
shows a 2.7(7 discrepancy for the theoretically cleaner channel B^ — > (pKs and 
1.6(7 discrepancy for B^ — > rj'Kg. Although it is premature to interpret these 
measurements as a hint of New Physics, these results are certainly intriguing and 
they have generated much interest in the communitv|22j. 

8 The measurement of the angle a 

If the decay B^ tt^vt" were dominated by the b ^ u tree level diagram, 
the amplitude of the time dependent CP asymmetry in this channel would be 
a clean measurement of the parameter sin 2a. Unfortunately, the contribution 




Figure 6: Measurement of sin 2/3 in the "golden modes" for the Belle Collabora- 
tion. The figure on the left shows the At distributions for events with qr]f = +1 
(full dots) and qr]f = —1 (open dots), where q = +1(— 1) for events tagged as 
B^{B^). The figure on the right shows the corresponding raw CP asymmetry 
with, superimposed, the projection of the unbinned maximum likelihood fit for 
the full sample (a) and separately for the CP odd (b) and CP even (c) samples. 

of gluonic b ^ d penguin amplitudes to this final state cannot be neglected. 
The ratio between the penguin and tree contributions can be estimated from the 
ratio BF(B°^E:7r)/BF(5°^7r7r) to be \P/T\ ~ 30%. These contributions have 
a different weak phase and additional strong phases [23] • As a result, in the study 
of time dependent CP asymmetry one has to fit for both the sine and the cosine 
terms in equation ©. The coefficient of the sine term Sj^t^ can be related to the 
angle a through isospin svmmetrvj24j. while the coefficient of the cosine term 
Ctttt measures direct CP violation. 

Experimentally, this analysis is very challenging for several reasons. First, 
the final state of interest, tt~^tt~, has to be disentangled from the similar 

decay B^ K^Tr~, which has a much larger branching fraction. The excellent 
particle identification capability provided by the Cherenkov detectors of BaBar 
and Belle plays a crucial role in suppressing this background. 

The second experimental challenge is due to the high combinatorial back- 
ground from qq events in which two energetic pions in opposite jets are selected. 
In BaBar this so-called "continuum" background is suppressed employing a 
Fisher discriminant built with the momentum flow in nine cones around the can- 
didate axis. In order to optimize the statistical power of the data sample, no cuts 
are applied on the particle identification and Fisher variables; instead they are 
included in the CP maximum likelihood fit. 

In the Belle analvsis|26j. the suppression of continuum is instead achieved by 
the use of a likelihood analysis using six modified Fox- Wolfram moments |2 7 j and 
the B flight direction. The background is rejected by cutting on the output of 
the likelihood ratio Cs/{Cs + Cb) prior to the CP fit, where Cs and Cb are the 
likelihood functions for signal and background. 

The At distribution for events tagged as B^ and B^ is shown in figures Inland 
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Figure 7: Confidence levels in the {p, rf) plane obtained from the CKMfitter 
program. The constraint from the world average sin 2/3 from i?— >charmonium + 
is overlaid in blue with the 1 and 2 a error bands. 

IIUI for the BaBar and Belle experiments, respectively. The bottom plot of these 
figures displays the corresponding CP asymmetry after background subtraction, 
with the projection of the unbinned maximum likelihood fit superimposed. 

The fitted values for the sine and cosine terms of the time dependent CP 
asymmetry obtained in the BaBar experiment are S'tttt = 0.02 it 0.34 it 0.05 and 
Ctttt = —0.30 lb 0.25 lb 0.04, both compatible with zero. The corresponding results 
obtained by Belle are S^^ = -1.23 ib 0.4lt°:°^ and C^^ = -0.77 ib 0.27 ib 0.08, 
indicating that both mixing-induced and direct CP violation effects in charmless 
B decays are large. 

Since the results from the two experiments are compatible (2.2 a apart), 
we can average them to obtain S'tttt = —0.47 ib 0.26 and Ctttt = —0.49 ib 0.19. 
The average shows evidence for direct CP violation (2.6 o"), but no compelling 
evidence for mixing-induced CP violation (1.8 a). These results can be used to 
constrain the angle a 1,28. . The accuracy on the determination of the angle of the 
UT depends critically on the theoretical assumptions used in the fits[^. 

A measurement of the angle a can also be extracted from the study of the 
decay — > pir. Compared with the B^ -kit mode, this final state has the 
advantage of a higher branching fraction and a smaller penguin pollution. On 
the other hand, this analysis is complicated by the presence of four configurations 
in the final state {B^ — > /c^vr^, B^ p^Tr^), by the fact that the final state is 
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Figure 8: Summary and averages of the measurements of "sin 2/3" in 4>Ks 
and rj'Ks- The vertical shadowed region is the world average measurement 

of sin 2/3 in the "golden mode" ztlo". 



not a CP eigenstate, and by the substantial combinatorial background induced 
by the presence of three pions. A theoretically clean extraction of a is possible, 
but requires a combined fit over the entire Dalitz plane. 

The BaBar Collaboration recently published the results of an exploratory CP 
analysis 30 that follows a quasi- two-body approach and avoids the interference 
regions in the 7r'''7r~7r*^ Dalitz plot. The values of the mixing-induced CP violation 
parameter Sp^^ = 0.19 ± 0.24 it 0.03 and of the direct CP violation parameter 
CpTT = 0.36ib0.18ib0.04 indicate that the accuracy on the extraction of a expected 
from the Dalitz analysis of this decay mode will be competitive. 



9 Conclusion 

Since the beginning of the data taking in 1999, the B factories opened a new 
chapter in B physics. The excellent performance of the accelerators and detectors 
allowed the BaBar and Belle Collaborations to accumulate an unprecedented 
sample of B decays, which lead to the first unambiguous observation of CP 
violation in the B sector. 

The measurement of the angle /3 of the Unitarity Triangle allowed the first 
quantitative test of the the CP sector of the Standard Model. The excellent 
agreement between direct measurement of the angle /? and the indirect constraints 
on the apex of the Unitarity Triangle suggests that the CKM mechanism is the 
dominant source of CP violation at low energies. 

Contributions from New Physics could be detected in the measurement of 
CP asymmetries in penguin dominated decays, such as B^ — > (pKs or rj'Ks- 
The first measurements of these quantities have been published recently by both 
Collaborations showing a deviation of 2.7a compared to the Standard Model 
expectations for the B^ — > (j)Ks channel. 

The measurement of the angle a of the UT through a time dependent CP 
analysis is in progress in the channels B^ vr'^vr" and B^ vr^vr^vr'^. The 
results of the vr+vr" analysis show evidence for direct CP violation. 
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Figure 9: Distributions of At as measured by BaBar for events enhanced in tt'^tt" 
decays and tagged as (a) or (b). The time dependent CP asymmetry is 
reported in (c). Sohd curves represent projections of the maximum hkehhood fit, 
while dashed curves represent the sum of qq and Kt: background events. 

The data analyzed so far by BaBar and Belle corresponds to about 80fb~^ 
per experiment. By 2006, each B factory expects to have more than 500 fb^^ 
available for analysis. The increased data sets will allow a precise test of the CP 
sector of the Standard Model and will provide a sensitive probe of New Physics. 
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